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(54) Syringe pumps 

(57) Syringe pump has plunger head retainer (10) 
with two retainer arms (111 and 1 1 2) mounted on shafts 
(113 and 114) extending parallel to the syringe axis. 
Each shaft carries gear (121 and 1 22), which is engaged 
by common gear wheel (142) mounted on threaded 
shaft (146). After the syringe (3) has been loaded in the 
pump, the plunger head retainer (10) is driven forwards 



until a pad (107) coupled with a force sensor (108) de- 
tects contact with the head (36). This causes the retainer 
arms to be swung in across the forward side of the 
plunger head (36) and to be pulled rearwardly against 
the plunger head. The pump then reduces the force ap- 
plied by the retainer arms to ensure that the force sensor 
(108) can respond to force on the plunger (35) during 
expulsion of liquid from the syringe. 
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Description 

[0001] This invention relates to syringe pumps of the 
kind adapted to receive a syringe of the kind having a 
plunger movable along a barrel, the pump including a 
plunger head retainer mechanism having a forwardly- 
facing surface adapted to engage a rear surface of the 
plunger head and to apply a forwardly-directed force to 
the plunger. 

[0002] Syringe pumps are used to supply medication 
to a patient from a pre-filled syringe via an infusion line. 
The syringe pump applies a force to the plunger ol the 
syringe to drive medication into the infusion line at a con- 
trolled rate. The head of the plunger is retained in such 
a way as to allow the plunger to be pushed in but to pre- 
vent the plunger moving in of its own accord as a result 
of siphoning of fluid from the syringe barrel. The plunger 
head is usually retained by means of wedge-like arms 
that move across the forward surface of the head and 
force the rear surface of the plunger head against a for- 
ward facing surface on the plunger head retainer so as 
to clamp it firmly against this surface. Because the size 
and thickness of plunger heads vary in different syring- 
es, the plunger head retainer may not be able to accom- 
modate all the different heads, thereby restricting the 
range of syringes with which the pump can be used. If 
the plunger head retainer does not retain the plunger 
head securely it may allow the plunger to move and al- 
low fluid to siphon from the syringe. 
[0003] It is common to measure the force exerted on 
the plunger head by the pump driver in order to be able 
to detect excess force, such as caused by an occlusion. 
It is an advantage to be able to respond to a low level 
of excess force without false alarms. The force sensor 
is, however, usually located relatively remotely of the 
plunger head so a margin must be allowed for friction 
and other forces acting on the drive train. 
[0004] It is an object of the present invention to pro- 
vide an alternative syringe pump and method of opera- 
tion. 

[0005] According to one aspect of the present inven- 
tion there is provided a syringe pump of the above-spec- 
ified kind, characterised in that the plunger head retainer 
mechanism includes a force sensor responsive to force 
exerted on the plunger head by the retainer mechanism 
during displacement of the plunger. 
[0006] The retainer mechanism preferably includes a 
pad coupled with the mechanism via the force sensor 
such that the forwardly-directed force is applied to the 
plunger via the pad. The retainer mechanism may in- 
clude a spring arranged to urge the pad forwardly. The 
retainer mechanism is preferably arranged initially to 
pull the plunger head rearwardly relative to the mecha- 
nism, thereby increasing force on the sensor, and is 
preferably arranged subsequently to relieve the force on 
the sensor. 

[0007] According to another aspect of the present in- 
vention there is provided a syringe pump of the above- 



specified kind, characterised in that the retainer mech- 
anism has at least one retainer member that is movable 
both laterally and axially so that it can be displaced lat- 
erally across the front surface of the plunger head and 
5 can be displaced axially rearwardly against the front sur- 
face of the plunger head. 

[0008] Preferably the retainer mechanism is operable 
such that the or each retainer member is initially dis- 
placed axially rearwardly relative to the mechanism to 
10 apply force between the rear surface of the plunger head 
and the forwardly-facing surface and is subsequently 
displaced axially forwardly a small distance to reduce 
the force. The or each retainer member may include an 
arm extending from a shaft, the shaft extending parallel 
*5 with the axis of the syringe, such that the arm can be 
displaced laterally by rotating it about the shaft and such 
that the or each arm can be displaced axially by moving 
the shaft along its axis. The or each shaft is preferably 
driven by a gear assembly including a rotatable, thread- 
ed shaft and a gear wheel threaded on the shaft such 
that rotation of the shaft initially moves the gear wheel 
along the shaft to the end of the shaft and thereafter 
continued rotation of the shaft rotates the gear wheel. 
[0009] According to further aspect of the present in- 
vention there is provided a method of operating a sy- 
ringe pump comprising the steps of: locating a syringe 
on the pump with a plunger head retainer in a rear po- 
sition; displacing the plunger head retainer forwardly un- 
til it contacts the rear surface of the plunger head; re- 
taining the plunger head with the plunger head retainer 
such as to prevent forward displacement of the plunger 
head relative to the retainer but to allow continued mon- 
itoring of force applied between the plunger head and 
the retainer; and advancing the retainer to move the 
plunger forwards and dispense contents of the syringe 
whilst monitoring the force between the plunger head 
retainer and the plunger head. 

[0010] A syringe pump and its method of operation, 
according to the present invention, will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which: 

Figure 1 is a simplified view of the front of the pump; 

Figure 2 is a perspective, exploded view of the 
plunger head retainer mechanism of the 
pump from below; 

Figure 3 is a perspective, exploded view of the 
plunger head retainer mechanism of the 
pump from the rear side; and 

Figure 4 is an enlarged perspective view of a sub- 
assembly within the retainer mechanism. 

[0011] With reference first to Figure 1, the pump in- 
cludes an outer housing 1 with a recess 2 on its front 
surface shaped to receive a syringe 3 of conventional 
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kind. The syringe 3 has a cylindrical barrel 30 with an 
outlet or nose 31 at its forward end and a flange or ear 
32 at its rear end. The nose 31 is connected to an infu- 
sion line 5 so that a medication liquid in the syringe can 
be dispensed to a patient via the infusion line, by push- 
ing in the plunger 35 of the syringe. The pump has a 
conventional drive mechanism 7, such as including a 
lead screw 8 driven by a motor 9, coupled with a novel 
retainer mechanism 10 for engaging the head 36 of the 
plunger 35. The motor 9 is driven by a control unit 11, 
which receives inputs from a keypad 12, or other user 
input means, and various sensors. The control unit 11 
also provides an output to a display 1 3. 
[0012] With reference now also to Figures 2 and 3, 
the plunger head retainer mechanism 10 has an outer 
casing provided by a forward part 100 and a rear part 
1 01 . The forward part 1 00 has a circular hole 1 02 on its 
outer face 103 towards its edge, in which is received a 
tubular sleeve 104 extending parallel with the syringe 3. 
The sleeve 104 is mounted axially about the leadscrew 
8 so that rotation of the leadscrew displaces the sleeve 
and retainer mechanism 10 axially forwards or back- 
wards. 

[001 3] The front face 1 03 of the casing also has a larg- 
er, shallow, circular recess 105 with a central aperture 
1 06. In the recess 1 05 is located a circular pad 1 07 hav- 
ing a rearwardly-extending force sensor in the form of a 
strain beam 108 projecting through the aperture 106 in- 
side the casing. For clarity, Figures 2 and 3 show the 
pad 107 mounted on the internal components of the 
mechanism 10 although, in practice, it is located on the 
external surface of the forward casing part 1 00. The pad 
107 is resiliency urged axially outwardly by a coil spring 
109 around the strain beam 108, The strain beam 108 
provides an output to the control unit 11 representative 
of axial pressure on the pad 107. 
[0014] Two arms 111 and 112 extend parallel with the 
front face 1 03 and are spaced a short distance forwardly 
of the face. The arms 1 1 1 and 112 are curved along their 
length along an arc generally coaxial, in their rest posi- 
tion, with the pad 107. The arms 111 and 112 are mount- 
ed on respective shafts 113 and 114 extending parallel 
to the axis of the syringe 3 and projecting through bush- 
es 115 and 116 in the front face 103 of the casing, to- 
wards one edge. The rear ends of the shafts 113 and 
114 are journalled with a base plate 1 20 extending lat- 
erally within the retainer mechanism 10. The shafts 113 
and 114 are movable axially along their length as well 
as being able to rotate about their axes. Each shaft 113 
and 114 carries a segment gear 121 and 122 mounted 
on the shafts by means of a hole with a butterfly-shape 
slot 123 and 124 in the gears. The shafts 113 and 114 
each carry two radially-extending pins 1 25 and 1 26 lo- 
cated in the slots 1 23 and 1 24 so that the gears 121 and 
122 are rotatable relative to the shafts through a small 
angle, as limited by the engagement of the pins with the 
opposite sides of the slots. A clip 1 27 is secured to each 
shaft on one side of the gears to prevent axial movement 



of the gears in one direction along the shafts - movement 
in the other direction being prevented by the pins 125 
and 1 26. A spring (not shown) is secured to the clip 1 27 
on each shaft 1 1 3 and 1 1 4 to apply a resilient force urg- 
s ing one shaft 1 1 3 to rotate in a clockwise sense relative 
to the front face 103 of the casing and urging the other 
shaft 114 in the opposite sense. Thus, the springs urge 
the arms 111 and 112 to swing inwardly towards one an- 
other. 

10 [0015] The segment gears 121 and 122 each have a 
channel 1 30 around the toothed edge of the gear divid- 
ing into two parallel spaced segments. One segment 
gear 121 is engaged directly by a central gear sub-as- 
sembly 1 40, whereas the other gear 1 22 is engaged by 

15 an idler gear 141 driven from the central gear assembly. 
The central gear sub-assembly 140 is shown most 
clearly in Figure 4. The gear sub-assembly has a circular 
gear wheel 1 42 with a flange 1 43 projecting radially mid- 
way along its length. The flange 1 43 is shaped to fit with- 

20 jn the channel 130 in the segment gear 121. The gear 
wheel 142 is fixed on a boss 1 44 having a helical thread 

145 of square profile around its inner surface. The cen- 
tral gear sub-assembly 1 40 also includes a hollow shaft 

146 with a helical thread on its outer surface, which 
25 matches and engages tho thread 145 on the inside of 

the boss 144. At its rear end, the shaft 146 has a spur 
gear 147, the spur gear and shaft being free to rotate 
on an internal spindle 1 48 having a flange 1 49 at its for- 
ward end. The central gear sub-assembly 1 40 is mount- 

30 ed on the base plate 120 with the shaft 146 extending 
parallel to the syringe axis. The spur gear 147 engages 
a gear train coupled with an electric motor 1 50 within 
the plunger head retainer mechanism 1 0. It can be seen 
that rotation of the spur gear 147 would cause move- 

35 ment of the gear wheel 142 along the threaded, shaft 
146 if rotation of the gear wheel were prevented, the ex- 
tent of displacement being limited by the length of the 
shaft. The retainer mechanism 10 also includes a sen- 
sor (not shown) responsive to the angular position of the 

40 arms 1 1 1 and 1 1 2, or the shafts 1 1 3 and 1 1 4, and located 
to sense when the arms have moved to their extreme 
outward position. 

[0016] Initially, the motor 150 is rotated forwardly to 
rotate the spur gear 147 and the threaded shaft 146 

45 clockwise and thereby jack the gearwheel 142 forwardly 
along the shaft. This forward movement of the gear 
wheel 142 also moves the segment gears 123 and 124 
forwardly and hence moves the arms 111 and 112 for- 
wardly. When the gear wheel 142 reaches its maximum 

50 extent of movement along the threaded shaft 146, as 
limited by engagement with the flange 149, continued 
rotation of the shaft causes the gear wheel to rotate 
clockwise. This in turn causes the idler gear 1 41 to rotate 
anticlockwise so that the segment gears 121 and 122 

55 are rotated anticlockwise and clockwise respectively, 
which thereby swings the arms 111 and 112 open. The 
arms 1 1 1 and 112 swing open until the arm position sen- 
sor detects they are at their fully open, at which time the 
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control unit 11 stops driving the motor 150 forwardly. 
[001 7] The retainer mechanism 1 0 is now ready to re- 
ceive the syringe plunger head 36. The syringe 3 is load- 
ed in the pump and the motor 9 is powered to rotate the 
leadscrew 8 relatively rapidly, so as to drive the plunger 
head retainer mechanism 10 forwardly until the pad 1 07 
contacts the rear surface of the plunger head 36. Initial 
contact is sensed by an optical detector (not shown), 
which, when tripped, slows forward movement of the re- 
tainer mechanism 10 until the strain beam registers a 
small strain. This causes the control unit 11 to stop fur- 
ther rotation of the leadscrew 8 and causes the motor 
150 in the plunger head retainer mechanism 10 to be 
powered in the reverse direction. This rotates the 
threaded shaft 1 46 in an anticlockwise sense so that the 
gear wheel 142 is also rotated anticlockwise, which in 
turn rotates the idler gear 141 clockwise. The anticlock- 
wise rotation of the gear wheel 142 and the clockwise 
rotation of the idler gear 141 cause the segment gears 
121 and 122 to rotate clockwise and anticlockwise re- 
spectively. The spring force causes the arms 111 and 
1 12 to swing in together to a closed position. The arms 

111 and 112 swing together until they contact the shaft 
of the plunger 35, which prevents further rotation of the 
arms. The slots 123 and 124 in the segment gears 121 
and 122 allow them to rotate further through a few de- 
grees until a part of the gear wheel contacts a stop on 
the forward part 100 of the casing, thereby preventing 
further rotation of the central gear wheel. The slots 123 
and 124 in the segment gears enable the arms 111 and 

1 12 to stop in a partially closed position (limited by en- 
gagement with the plunger shaft) whilst ensuring that 
they are swung back to the fully open position when the 
motor direction is reversed. 

[0018] Continued rotation of the threaded shaft 146 
by the motor 1 50 causes the gear wheel 1 42 to be pulled 
down the shaft, the arms 111 and 112 also being pulled 
down because of the engagement of the flanges 143 in 
the channels 130 of the segment gears 121 and 122. 
The arms 111 and 112 are, therefore, pulled rearwardly 
until they engage. the forward surface of the plunger 
head 36. When this happens, the plunger head 36 is 
pulled rearwardly relative to the retainer mechanism 10, 
against the forward surface of the pad 107 causing an 
increase in pressure on the strain beam 108. When this 
increase in pressure is sensed, the pump control unit 11 
stops the motor 150 and reverses it a few steps to give 
a predetermined clearance between the rear surface of 
the pad 107 and the floor of the recess 105. The lead- 
screw 8 is then rotated in the normal way to move the 
retainer mechanism 10, and hence the plunger 35, for- 
wardly to dispense the contents of the syringe 3 at the 
required rate. 

[0019] Because the plunger head 36 is coupled with 
the retainer mechanism 10 via the pad 107 and the 
strain beam 108, and because there is a clearance be- 
tween the rear surface of the pad and the floor of the 
recess 105, the strain beam is responsive to pressure 



exerted by the retainer mechanism on the plunger 35 
while the plunger is actually being displaced to expel 
medication from the syringe 3. If there should be an oc- 
clusion in the infusion line 5, or if the syringe 5 should 

5 jam, there would be an immediate increase in pressure 
on the strain gauge 110. Because the arrangement of 
the present invention enables pressure on the plunger 
to be measured directly, the apparatus can be sensitive 
to small increases in pressure. 

10 [0020] The plunger head retainer mechanism can be 
used with a wide variety of plunger heads because the 
action of spacing the retainer arms and subsequently 
pulling them back to clamp the head allows for wide var- 
iation in the size and shape of head. 

is 

Claims 

1. A syringe pump adapted to receive a syringe (3) of 
the kind having a plunger (35) movable along a bar- 
rel (30), the pump including a plunger head retainer 
mechanism (10) having a forwardly-facing surface 
(1 07) adapted to engage a rear surface of the plung- 
er head (36) and to apply a forwardly-directed force 
to the plunger, characterised in that the plunger 
head retainer mechanism (10) includes a force sen- 
sor (1 08) responsive to force exerted on the plunger 
head (36) by the retainer mechanism (10) during 
displacement of the plunger (35). 

2. A syringe pump according to Claim 1 , characterised 
in that the retainer mechanism (10) includes a pad 
(107) coupled with the mechanism via the force 
sensor (108) such that the forwardly-directed force 
is applied to the plunger (35) via the pad. 

3. A syringe pump according to Claim 2, characterised 
in that the retainer mechanism (10) includes a 
spring (109) arranged to urge the pad (107) for- 
wardly. 

4. A syringe pump according to any one of the preced- 
ing claims, characterised in that the retainer mech- 
anism (10) is arranged initially to pull the plunger 
head (36) rearwardly relative to the mechanism 
(10), thereby increasing force on the sensor (108), 
and is arranged subsequently to relieve the force 
on the sensor. 

5. A syringe pump adapted to receive a syringe (3) of 
the kind having a plunger (35) movable along a bar- 
rel (30), the pump including a plunger head retainer 
mechanism (10) having a forwardly-facing surface 
(1 07) adapted to engage a rear surface of the plung- 
er head (36) and to apply a forwardly-directed force 
to the plunger, characterised in that the retainer 
mechanism (10) has at least one retainer member 
(111 and 11 2) that is movable both laterally and ax- 
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ially so that it can be displaced laterally across the 
front surface of the plunger head (36) and can be 
displaced axially rearwardly against the front sur- 
face of the plunger head. 

5 

6. A syringe pump according to Claim 5, characterised 
in that the retainer mechanism ( 1 0) is operable such 
that the or each retainer member (111, 112) is ini- 
tially displaced axially rearwardly relative to the 
mechanism (10) to apply force between the rear 10 
surface of the plunger head (36) and the forwardly- 
facing surface (107) and is subsequently displaced 
axially forwardly a smalt distance to reduce the 
force. 

75 

7. A syringe pump according to Claim 5 or 6, charac- 
terised in that the or each retainer member includes 
an arm (111,112) extending from a shaft (113, 114) 
and that the shaft extends parallel with the axis of 

the syringe (3), such thai the arm can be displaced 20 
laterally by rotating it about the shaft. 

8. A syringe pump according to Claim 7, characterised 
in that the or each arm (111 , 112) is displaced axially 

by moving the or each shaft (11 3, 114) along its axis. 2s 

9. A syringe pump according to Claim 7 or 8, charac- 
terised in that the or each shaft (113, 114) is driven 
by a gear assembly (140) including a rotatable, 
threaded shaft (1 46) and a gear wheel (1 42) thread- 30 
ed on the shaft such that rotation of the shaft initially 
moves the gear wheel along the shaft to the end of 
the shaft and thereafter continued rotation , of the 
shaft rotates the gear wheel. 

35 

10. A method of operating a syringe pump comprising 
the steps of: locating a syringe (3) on the pump with 
a plunger head retainer (10) in a rear position; dis- 
placing the plunger head retainer forwardly until it 
contacts the rear surface of the plunger head (36); 40 
retaining the plunger head with the plunger head re- 
tainer such as to prevent forward displacement of 
the plunger head (36) relative to the retainer but to 
allow continued monitoring of force applied be- 
tween the plunger head and the retainer; and ad- 45 
vancing the retainer (10) to move the plunger (35) 
forwards and dispense contents of the syringe 
whilst monitoring the force between the plunger 
head retainer and the plunger head (36). 

so 
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